Background: In recent years, concern has been raised over possible adverse health effects of cellular telephone use. In epidemiological studies of cancer risk associated with the use of cellular telephones, the validity of self-reported cellular phone use has been problematic. Up to now there is very little information published on this subject. Methods: We conducted a study to validate the questionnaire used in an ongoing international case-control study on cellular phone use, the ''Interphone study''. Self-reported cellular phone use from 68 of 104 participants who took part in our study was compared with information derived from the network providers over a period of 3 months (taken as the gold standard). Results: Using Spearman's rank correlation, the correlation between self-reported phone use and information from the network providers for cellular phone use in terms of the number of calls per day was good (r ¼ 0.62, 95% CI: 0.45-0.75), while that of the average duration of each call was rather moderate (r ¼ 0.34, 95% CI: 0.11-0.54). Similar results were found when Kappa coefficients were estimated. A value of r ¼ 0.56 (Spearman's correlation, CI: 0.38-0.70) was found for cumulative cellular phone use. Conclusion: Our study suggests that cellular phone use is easier to recall in terms of number of calls made than in terms of cumulative phone use and should thus be used as the basis for the dose-response analysis.
Introduction
The assessment and determination of exposure to highfrequency radiation experienced during cellular phone use poses a challenge when conducting studies on cellular phone use and cancer (Blettner and Berg, 2000; . Finding a reliable and valid source of information on the cellular phone use history of study participants is difficult. In a recently published case-control study investigating the risk of brain tumours and salivary gland tumours among cellular telephone users (Auvinnen et al., 2002) , the authors used information on cellular phone subscriptions obtained from network providers to assess exposure for the study participants. A computerised record linkage based on the personal identification number was used to identify cases and controls with cellular network subscriptions and information on the type and duration of subscription was obtained. However, it was not possible to verify whether the subscriber was the actual user of the cellular phone. There was also no information on the frequency or duration of phone calls or on cellular phones provided by companies to their employees. It was hence concluded that information on cellular phone use directly obtained from study participants would be preferable to a register-based approach.
Up to now, there are little data available on the validity of self-reported cellular phone use. A possible exception is a study published by Funch et al. (1996) . However, the authors' primary goal was to assess the utility of telephone company records for epidemiological studies of cellular phones, and not to validate cellular phone use information obtained from study participants. In this study, information from 3949 respondents was compared with corresponding data from company traffic records. A correlation of r ¼ 0.74 was found. Muscat et al. (2002) conducted a case-control study investigating the association between hand-held cellular phone use and the risk of acoustic neuroma. They were not able to validate self-reported cellular phone use as they could not obtain traffic records. Instead, they measured the relationship between self-reported monthly hours of cellular phone use with reported monthly bill. A moderate correlation value (r ¼ 0.44) was found.
In a large ongoing case-control study currently being conducted in 13 countries, self-reported cellular phone use is taken as a surrogate for high-frequency radiation exposure.
In a validation study, we compared self-reported cellular phone use of study participants with traffic records from network providers.
Methods
As part of an ongoing international brain tumour casecontrol study being coordinated by International Agency for Research on Cancer (IARC), each participating country is conducting a validation study to investigate the correlation between self-reported cellular phone use and more ''objective'' measurements of cellular phone use. Self-reported cellular phone use is to be compared with information prospectively obtained from network operators over a 3 month period.
We, the University of Bielefeld, conducted the German validation study from October 2001 to February 2002.
A total of 362 persons (290 randomly selected from the phone book and 72 volunteers) were requested to take part in the study and were asked to complete a short questionnaire on demographic characteristics such as age, sex, and cellular phone use habits. Only persons between 30 and 60 years of age and subscribing to one of the two network providers who had agreed to cooperate with us were included in the study.
A total of 104 participants (33 randomly selected from the phone book and 71 volunteers) agreed to take part in the validation study. They were all required to sign consent forms authorising their respective network operators to provide us with the complete traffic records of their cellular phones over a 3-month period, (1 November 2001-31 January 2002). The study was approved by the ethic committees of the University of Bielefeld and both network operators. During the processing of the signed consent forms, it came to the attention of the network providers that 20 persons had signed for cellular phones that were actually registered under a different name. In almost all the cases, the user had got the phone as a present. The persons concerned were given new consent forms which the subscribers and the actual users were requested to sign.
The study participants were personally interviewed at the end of the 3-month monitoring period. They were asked questions about their cellular phone use during the 3-month period. The questions referred to calls made as well as received in terms of average number of calls per day and the average duration of each phone call (in seconds). Participants were also asked questions referring to sole and/or shared use of cellular phones.
The network operators provided the following information for each call made over the 3-month period: the date; whether incoming or outgoing; start and finish time; as well as the type of call (voice or text).
During extensive data cleansing, we deleted double entries as well as details about fax, call diversion and short message service (SMS) details as they were not needed. We transferred the remaining data, comprising 11,943 entries, into a databank where it was linked to the corresponding persons. Variables corresponding to the interview questions and to data from the network providers were defined and coded.
One network provider unfortunately provided complete information for the whole 3 months only for 11 of its 44 subscribers, while for two other persons no data were available. We excluded these 35 participants plus a further one who reported personal cellular phone use of less than 75% from the statistical analysis, leaving a total of 68 participants.
The relationship between self-reported cellular phone use and traffic records was graphically displayed using scatter plots (Figures 1 and 2) . Logarithmic scales were used so as to enhance data visualisation.
Using Spearman's rank correlation, we calculated the association between the self-reported cellular phone use information from the 68 participants and the information obtained from the network operators (Altmann, 1991) . The variables number of calls, average duration of each call and cumulative cellular phone use over the 3-month period (calculated by multiplying the number of calls and average duration of calls) were used for the analysis. Furthermore, we assessed the agreement between the self-reported information and the data from the network operators using Kappa statistics. We also correlated the variables according to sex and age.
Results
Of the 68 participants, 46% were male and 54% female. A total of 38% were between 30 and 39 years of age, 46% between 40 and 49 years of age and 16% were in the age group 50-60 years of age. The median age of participants was 45 years.
As can be seen from Figures 1 and 2 , the number of calls per day (self-reported and from traffic records) correlate better with each other than do the average duration of phone calls.
A statistical summary of the self-reported cellular phone use data and that from the phone records shows a slight under-reporting of the average number of calls per day and a much larger over-reporting of the average duration of calls (Table 1) . Using Spearman's rank correlation, correlation coefficients of r ¼ 0.62 (95% CI: 0.45-0.75) and of r ¼ 0.34 (95% CI: 0.11-0.54) were found for the number of calls per day and the average duration of one call, respectively. Kappa coefficients of kappa ¼ 0.43 (95% CI: 0.28-0.577) and kappa ¼ 0.18 (95% CI: 0.01-0.35) were found for the number of calls per day and the average duration of one call, respectively. A Spearman's correlation of r ¼ 0.56 (95% CI: 0.38-0.70) and kappa of 0.34 (95% CI: 0.18-0.49) was found for the cumulative cellular phone use over the 3-month period. Stratification according to sex showed that women recalled cellular phone use better than men, and participants in the age group 50 years and above had the highest correlation values (Table 2) .
Discussion
The observed overall correlation values of 0.624 for the number of calls per day and 0.56 for the cumulative phone use indicate that the study participants could recall the frequency of cellular phone use better than the duration. This is confirmed by the Kappa statistics values of 0.43 and 0.34 for the two variables, respectively.
Generally, the number of calls per day was underestimated but showed moderately good correlation, while the duration of the calls was overestimated and the correlation value was lower.
Correlating cumulative cellular phone use resulted in values which, although much better than that for the duration of calls, were lower than that obtained from the frequency of calls data. This further underlines the importance of the number of calls as an indicator of cellular phone use. Table 2 . Correlation values for the self-reported information and network provider data after stratification according to sex and age. Self-reported cellular phone Samkange-Zeeb et al.
To our knowledge, there are presently no other published studies on validation of self-reported cellular phone use. Results obtained by Funch et al. (1996) were based on a different data-collection methodology. Whereas, we personally interviewed our study participants, Funch et al. (1996) sent questionnaires to the participants who then completed these at home. Nevertheless, the correlation coefficient from our study and Funch et al. (1996) are in the same order.
A practical problem during the study was trying to ensure that the cellular phone users were also the phone subscribers. Our experience with the 20 cellular phone users who were not the actual subscribers has also been mentioned by Funch et al. (1996) and by Auvinnen et al. (2002) . These persons had not been aware that their cellular phones were registered under someone else.
On the other hand, we are relatively certain that the phoning details we got from the network providers did relate to our study participants as we asked them about sole and/or shared use of their cellular phones during the interviews.
As permission was required to obtain traffic records for the monitoring period of 3 months and a total of three personal interviews were conducted, this probably meant that only very interested and motivated people would agree to participate in the study. Although the resulting selection bias is a limitation generally encountered when conducting validation studies, the possibility that our estimates of agreement are more favourable than would be found in a less selected population does exist. Another possible limitation is the small number of participants, although the data collected by the network providers were large.
Owing to the structure of the study, the participants knew the time period over which they would be asked and most likely took extra note of their cellular phone using habits.
The fact that our study is the largest so far to investigate the validity of self-reported cellular phone use over a period of 3 months, and uses a relatively objective ''gold standard'' is positive. In their study assessing the utility of telephone company records for epidemiological studies of cellular phone use Funch et al. (1996) found a correlation value of r ¼ 0.74, showing that network operators information is a relatively valid ''gold standard''.
The results of our study show that self-reported cellular phone use provides a fairly accurate picture of the actual cellular phone use as measured by network provider data. The correlation might, however, be different should a period longer than 3 months be taken into consideration.
As phone use in terms of number of calls correlated better than in terms of the average duration of calls, it might be sufficient to consider only this variable when estimating highfrequency radiation exposure due to cellular phone use. It is, however, imperative that other studies assessing the validity of self-reported cellular phone use be carried out so that our study can be compared to others and a more solid suggestion can be made. We also feel that reproducibility studies assessing the repeatability of self-reported cellular phone use with a time interval of at least 6 months will further contribute to the assessment of self-reported cellular phone use.
